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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the surface wave resonator which 
improves insertion loss and suppresses variance in frequency due to variance in 
electrode finger width and film thickness caused at the time of etching by setting 



the electrode finger width of electrode fingers constituting an IDT/(electrode 
finger width + space between electrode fingers) within a specific range. 
SOLUTION: The IDT 3 is formed of an electrode material consisting principally of 
Ta and constituted by arranging a couple of comb-type electrodes so that their 
comb-tooth parts face each other. The electrode fingers constituting the comb- 
tooth part of the IDT 3 are so set that the electrode finger width is larger than the 
space between electrode fingers of the IDT 3. Namely, the electrode fingers are 
so set that electrode finger width L2/(electrode finger width + space between 
electrode fingers) L1=0.55 to 0.85. Further, the electrode finger width is also 
made larger than the space between electrode fingers of a reflector 4. 
Consequently, variance in frequency can be suppressed without deteriorating the 
insertion loss. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The surface wave resonator characterized by being a surface wave 
resonator equipped with IDT which excites an SH wave by being formed on the 
piezo-electric substrate and said piezo-electric substrate, and being constituted 
with the metal or alloy with larger specific gravity of said piezo-electric substrate 
than piezoelectric material, and electrode digit/(tooth space between electrode 
digit + electrode fingers) of the electrode finger which constitutes said IDT being 
0.55-0.85. 

[Claim 2] The surface wave resonator according to claim 1 characterized by said 
piezo-electric substrate being the Xtal substrate which is an Eulerian angle (0 
degree, 121 degrees - 136 degrees, 87-93 degrees). 

[Claim 3] The surface wave resonator according to claim 1 or 2 characterized by 
forming in said both sides of IDT the reflector which set electrode digit/(tooth 
space between electrode digit + electrode fingers) to 0.55-0.85 so that said IDT 
may be inserted. 

[Claim 4] Surface wave equipment characterized by using a surface wave 
resonator according to claim 1 to 3. 

[Claim 5] Transmitter equipment characterized by the thing of the surface wave 



resonator of claims 1-3, or surface wave equipment according to claim 4 for 
which either was used at least. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to surface wave equipment and 
transmitter equipments, such as the surface wave resonator and surface wave 
filter especially using an SH wave, and a common machine, about the surface 
wave equipment and the transmitter equipments which used a surface wave 
resonator and it, such as a surface wave filter and a common machine. 
[0002] 

[Description of the Prior Art] Conventionally, the surface wave resonator is widely 
used for the band-pass filter of mobile communication equipment etc. Surface 
wave equipments, such as a surface wave filter using the surface wave resonator 
which has the structure in which IDT (IDT) which consists of the Kushigata 
electrode arranged as one of such the surface wave resonators so that an 
electrode finger may cross mutually was formed on the piezo-electric substrate. 



or this surface wave resonator, are known well. 

[0003] In recent years, the technique in which an Eulerian angle constitutes IDT 
and is miniaturized using the surface wave of an SH wave mold with the large 
metal of mass loads, such as Ta, and W, Au, on the front face, using the Xtal 
substrate of (0 degree, 121 degrees - 136 degrees, 87-93 degrees) as a piezo- 
electric substrate of surface wave equipment is developed. 
[0004] Order is explained later on in such a manufacture approach of surface 
wave equipment. First, the wafer 100 which consists of Xtal is prepared as 
shown in drawing 9 (a). Next, as shown in drawing 9 (b), the metal thin film 101 
by Ta is formed in the top face of a wafer 100 by vacuum evaporationo, 
sputtering, etc. Furthermore, etching removes the unnecessary part of the metal 
thin film 101, and many patterns which consist of two or more IDTIOIa and two 
or more reflector 101b as shown in drawing 9 (c) are formed. Moreover, a wafer 
100 Is cut in the part in which neither IDTIOIa nor reflector 101b is formed 
considering the combination of IDTIOIa and reflector 101b as one surface 
acoustic wave device 102 as shown in drawing 9 (d). The surface-wave 
component 102 finally divided as shown in drawing 9 (e) is contained in a 
package 103, and the electrode 104 of a package 103 and IDTIOIa are 
electrically connected by the bonding wire 105. 

[0005] As mentioned above, generally, the electrode finger which constitutes IDT 
of surface wave equipment is formed by patternizing this metal membrane by 
technique, such as photo etching, after forming a metal thin film for the large 
metal of mass loads, such as Ta, and W, Au, by technique, such as vacuum 
evaporationo or sputtering, on piezo-electric substrates, such as Xtal. Most is 
determined by spacing of the electrode fingers from which the resonance 
frequency constitutes IDT, and thickness and an electrode digit with such surface 
wave equipment. 
[0006] 

[Problem(s) to be Solved by the Invention] However, when surface-wave 
equipment was produced through a process which was described above, there 



was a problem that an electrode digit and thickness changed for every wafer with 
precision of etching for patternizing IDT. Moreover, the problem that variation 
arose was in an electrode digit or thickness also within the same wafer. The 
variation in such electrode digits and thickness had turned into variation in a 
frequency. 

[0007] However, when the large metal of mass loads, such as Ta, and W, Au, 
constituted IDT unlike electrode materials, such as aluminum, there was a 
trouble that the variation in an electrode digit or the frequency by the variation in 
thickness was large. That is, when IDT was formed with electrode materials, 
such as aluminum, even if variation arose in the frequency, it was the thing of 
extent which can respond by carrying out frequency regulation on wafer level, but 
when the large metal of mass loads, such as Ta, and W, Au, constituted IDT, 
such big variation had arisen in carrying out frequency regulation on wafer level 
that it cannot respond. The more a mass load is large like Ta, W, and Au, the 
more this is because the dependence of the frequency to a metaled consistency 
is large compared with the small metal of mass loads, such as aluminum, so it 
becomes bigger variation in a frequency also with the same electrode digit of 
extent and the variation of thickness as the small metal of mass loads, such as 
aluminum. 

[0008] The purpose of this invention is to offer the surface wave resonator which 
can suppress the variation in the electrode digit which improves an insertion loss 
and is produced in the case of etching, or the frequency by the variation in 
thickness, and surface wave equipment. 
[0009] 

[Means for Solving the Problem] Then, the surface wave resonator concerning 
claim 1 is formed on the piezo-electric substrate and said piezo-electric substrate, 
by being constituted with the metal or alloy with larger specific gravity of said 
piezo-electric substrate than piezoelectric material, it is a surface wave resonator 
equipped with IDT which excites an SH wave, and electrode digit/(tooth space 
between electrode digit + electrode fingers) of the electrode finger which 



constitutes said IDT is set as 0.55-0.85. 

[0010] Tliereby, sensibility becomes [ the acoustic velocity of the surface wave of 
an SH wave mold ] blunt to the electrode digit of IDT. 

[001 1] The surface wave resonator concerning claim 2 is using the piezo-electric 
substrate as the Xtal substrate which is an Eulerian angle (0 degree, 121 
degrees - 136 degrees, 87-93 degrees) in the surface wave resonator according 
to claim 1 . 

[0012] Thereby, an electromechanical coupling coefficient is large and the good 
surface wave resonator of the temperature characteristic is obtained. 
[0013] The resonator concerning claim 3 forms in said both sides of IDT the 
reflector which set electrode digit/(tooth space between electrode digit + 
electrode fingers) to 0.55-0.85 so that said IDT may be inserted in a surface 
wave resonator according to claim 1 . 

[0014] Thereby, sensibility becomes [ the acoustic velocity of the surface wave of 
an SH wave mold ] blunt to the electrode digit of a reflector. 
[0015] The surface wave resonator according to claim 1 to 3 is used for the 
surface wave equipment concerning claim 4. Moreover, either is used for the 
transmitter equipment concerning claim 5 even if there is little surface wave 
resonator of claims 1-3 or surface wave equipment according to claim 4. 
[0016] Small surface wave equipment and transmitter equipment of a frequency 
drift with which the insertion loss has been improved in a passband by the above 
configurations can be obtained. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention 
is explained using drawing. Drawing 1 is the top view of a surface wave 
resonator showing the 1st operation gestalt of this invention. As shown in 

drawing 1 , the surface wave resonator 1 is constituted by forming reflectors 4 
and 4 on the piezo-electric substrate 2 which consists of Xtal at one IDT3 and its 
both sides. 

[0018] IDT3 is formed with the electrode material which uses Ta as a principal 



component, and the Kushigata electrode of a lot is constituted by being arranged 
so that each ctenidium part may counter mutually. 

[0019] Moreover, as shown in drawing 1 , the electrode finger which constitutes 
the ctenidium part of IDT3 is set up so that the electrode digit to the tooth space 
between the electrode fingers of IDT3 may become large. That is, it is set up so 
that it may become the range of electrode digit L2/(tooth space between 
electrode digit + electrode fingers) 11=0.55-0.85. Moreover, it is set up so that 
the electrode digit to the tooth space between the electrode fingers of a reflector 
4 may also become large. That is, it is set up so that it may become the range of 
electrode digit L4/(tooth space between electrode digit + electrode fingers) 
13=0.55-0.85. 

[0020] Next, the 2nd operation gestalt of this invention is explained. Drawing 2 is 
the top view of the vertical joint mold surface wave filter in which the 2nd 
operation gestalt of this invention is shown. As shown in drawing 2 , the vertical 
joint mold surface wave filter 1 1 is constituted by forming reflectors 14 and 14 on 
the piezo-electric substrate 12 made from Xtal at two IDT(s) 13a and 13b and the 
both sides of those. 

[0021] IDT13 is formed with the electrode material which uses Ta as a principal 
component, and the Kushigata electrode of a lot is constituted by being arranged 
so that each ctenidium part may counter mutually. Moreover, IDT(s) 13a and 13b 
separate fixed spacing in the surface wave propagation direction, and are 
arranged in it in parallel. Also in the gestalt of this operation, it is set up so that 
the electrode digit to the tooth space between the electrode fingers of IDT(s) 13a 
and 13b may become large like the gestalt of the 1st operation. That is, it is set 
up so that it may become the range of an electrode digit / (tooth space between 
electrode digit + electrode fingers) =0.55-0.85. Moreover, it is set up so that the 
electrode digit to the tooth space between the electrode fingers of Reflectors 14a 
and 14b may also become large. That is, it is set up so that it may become the 
range of an electrode digit / (tooth space between electrode digit + electrode 
fingers) =0.55-0.85. 



[0022] Next, the 3rd operation gestalt of this invention is explained. Drawing 3 is 
the top view of the horizontal joint mold surface wave filter in which the 3rd 
operation gestalt of this invention is shown. As shown in drawing 3 , the 
horizontal joint mold surface wave filter 21 is constituted by forming Reflectors 
24a and 24b on the piezo-electric substrate 22 made from Xtal at two IDT(s) 23a 
and 23b and the both sides of those. 

[0023] IDT(s) 23a and 23b are formed with the electrode material which uses Ta 
as a principal component, and the Kushigata electrode of a lot is constituted by 
being arranged so that each ctenidium part may counter mutually. Moreover, 
IDT(s) 23a and 23b are put in order in the direction perpendicular to the surface 
wave propagation direction. Also in the gestalt of this operation, like the gestalt of 
the 1st and the 2nd operation, it is set up so that the electrode digit to the tooth 
space between the electrode fingers of IDT(s) 23a and 23b may become large. 
That is, it is set up so that it may become the range of an electrode digit / (tooth 
space between electrode digit + electrode fingers) =0.55-0.85. Moreover, it is set 
up so that the electrode digit to the tooth space between the electrode fingers of 
Reflectors 24a and 24b may also become large. That is, it is set up so that it may 
become the range of an electrode digit / (tooth space between electrode digit + 
electrode fingers) =0.55-0.85. 

[0024] Next, the 4th operation gestalt of this Invention is explained. Drawing 4 is 
the top view of the ladder mold surface wave filter in which the 4th operation 
gestalt of this invention is shown. As shown in drawing 4 , the ladder mold 
surface wave filter 31 is constituted by forming Reflectors 34a and 34b on the 
piezo-electric substrate 32 made from Xtal at IDT(s) 33a and 33b and the both 
sides of those. 

[0025] IDT(s) 33a and 33b are formed with the electrode material which uses Ta 
as a principal component, and the Kushigata electrode of a lot is constituted by 
being arranged so that each ctenidium part may counter mutually. Moreover, 
IDT33a is allotted to a serial arm and IDT33b is constituted by the ladder mold by 
being allotted to a juxtaposition arm. Also in the gestalt of this operation, like the 



gestalt of the 1st and the 2nd operation, it is set up so that the electrode digit to 
the tooth space between the electrode fingers of IDT(s) 33a and 33b may 
become large. That is, it is set up so that it may become the range of an 
electrode digit / (tooth space between electrode digit + electrode fingers) =0.55- 
0.85. Moreover, it is set up so that the electrode digit to the tooth space between 
the electrode fingers of Reflectors 34a and 34b may also become large. That is, 
it is set up so that it may become the range of an electrode digit / (tooth space 
between electrode digit + electrode fingers) =0.55-0.85. 
[0026] Next, the 5th of this invention and the gestalt of the 6th operation are 
explained. Drawing 5 is the block diagram of the transmitter equipment in which 
the common machine in which the gestalt of operation of the 4th of this invention 
is shown, and the 5th operation gestalt of this invention are shown. 
[0027] As shown in drawing 5 , transmitter equipment 41 is constituted by 
connecting to an antenna 45 the antenna terminal of the common machine 44 
which has the surface wave filter 42 for reception, and the surface wave filter 43 
for transmission, connecting an output terminal to a receiving circuit 46, and 
connecting an input terminal to a sending circuit 47. Either of the surface wave 
filters 1 1-21 of the gestalt of the 2nd - the 4th operation or its combination is used 
for such the surface wave filter 42 for reception of the common machine 44 and 
the surface wave filter 43 for transmission. 

[0028] Next, the range of an electrode digit / (tooth space between electrode digit 
+ electrode fingers) =0.55-0.85 of this invention is explained using an example. 
Drawing 6 is drawing which electrode digit/(tooth space between electrode digit + 
electrode fingers) was changed among 0.50-0.90, and looked at the variation 
rate of the center frequency. In addition, ** expresses the variation rate of center 
frequency in case the values of standardization thickness (thickness d / 
wavelength lambda) are 2.00%, the following, -:2.04%, **:2.08%, **:2.12%, 
0:2.16%, +:2.20%, and *:2.47%. Moreover, in this example, the vertical joint 
mold surface wave filter using the surface wave of SH mold equipped with two 
IDT(s) and reflectors is used by using Ta as an electrode material on the Xtal 



substrate expressed with an Eulerian angle (0 degree, 127 degrees, 90 degrees). 
Moreover, only 0:2.16% of case uses the vertical joint mold surface wave filter 
using the surface wave of SH mold equipped with two IDT(s) and reflectors by 
using Ta as an electrode material on the Xtal substrate expressed with an 
Eulerian angle (0 degree, 126 degrees, 90 degrees). 

[0029] As shown in drawing 6 , the downward arc is drawn for the case where the 
value of electrode digit/(tooth space between electrode digit + electrode fingers) 
is 0.75, as top-most vertices. Therefore, when the value of electrode digit/(tooth 
space between electrode digit + electrode fingers) is 0.75 and an electrode digit 
shifts forward and backward, it turns out that frequency change is the smallest. 
Even if the Eulerian angle of standardization thickness or the Xtal substrate 
changes, it is clearer than drawing 6 that this property's same inclination is 
shown. 

[0030] About electrode digit/(tooth space between electrode digit + electrode 
fingers), 0.05, drawing 7 is drawing which looked at the rate of change of center 
frequency, when it shifts. The center frequency before d2 and change for 
electrode digit/after d1 and change (tooth space between electrode digit + 
electrode fingers) Namely, fO (d1), [ electrode digit/before change (tooth space 
between electrode digit + electrode fingers) ] When the center frequency after 
change is specified as fO (d2), it is drawing 7 which plotted axis-of-abscissa: 
(d1+d2)/2 and axis-of-ordinate:[f0(d2)-f0 (d1)]/[(d1+d2) /2]/(d2-d1). In addition, 
the same thing as drawing 6 is used for ** - *. 

[0031] As shown in drawing 7 , when the value of electrode digit/(tooth space 
between electrode digit + electrode fingers) is 0.75, it turns out that fluctuation of 
center frequency becomes the smallest. Moreover, since fluctuation of center 
frequency can respond also when about **1 % of variations of the electrode digit 
by manufacture variation exists if it Is about **0.15%, its things are [ that the 
value of electrode digit/(tooth space between electrode digit + electrode fingers) 
should just be 0.55 or more ] clear from drawing 7 . 

[0032] Drawing 8 is drawing which looked at how many insertion losses of a filter 



change with the values of electrode digit/(tooth space between electrode digit + 
electrode fingers). In addition, the same thing as drawing 6 and drawing 7 is used 
for ** - +. Moreover, this example is measured after taking adjustment of I/O. 
[0033] As shown in drawing 8 , when electrode digit/(tooth space between 
electrode digit + electrode fingers) is 0.75, in **-0, it turns out that an insertion 
loss becomes small most. Moreover, with regards to standardization thickness, 
there is nothing and the insertion loss is large rapidly in the neighborhood where 
electrode digit/(tooth space between electrode digit + electrode fingers) 
exceeded 0.85. Furthermore, as shown in drawing 8 , as for +, 0.70 is [ electrode 
digit/(tooth space between electrode digit + electrode fingers) ] the minimum 
point of an insertion loss, but when standardization thickness became thick, as 
for this, the minimum point has shifted a little, and if it is between 0.55-0.85 
anyway, it is almost the same as conventional 0.50, or it turns out that the 
insertion loss is good more than it. Therefore, since an inclination does not 
change depending on standardization thickness, effect Is hardly received in the 
mass load of the thickness direction of an electrode layer. Even when the late 
high-density large metal of acoustic velocity, for example, W, Mo, nickel, Cu, Co, 
Cr, Zn, Fe, Mn, Au, Ag, Pt, Os, Ir, Hf, etc., constitutes IDT from those alloys and 
specific gravity excites the surface wave of an SH wave mold not only from Ta 
but from piezoelectric material from this, it is clear that the same inclination is 
shown. Moreover, the same effectiveness will be acquired if the range also of the 
Eulerian angle in the case of Xtal is (0 degree, 121 degrees - 136 degrees, 87-93 
degrees). 

[0034] In addition, it cannot be overemphasized that effectiveness with the same 
said of what does not restrict to this with the gestalt of the above-mentioned 
implementation although one step of surface acoustic wave filter is explained, 
carried out two or more step cascade connection, or carried out two or more step 
parallel connection is acquired. 
[0035] 

[Effect of the Invention] As mentioned above, the variation in the electrode digit 



produced in the case of etching or the frequency by the variation in thicl<ness can 
be suppressed, without degrading an insertion loss by setting to 0.55-0.85 
electrode digit/(tooth space between electrode digit + electrode fingers) of the 
electrode finger which constitutes IDT according to this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view of the surface wave resonator for explaining the 1st 
operation gestalt. 

[Drawing 2] It is the top view of the vertical joint mold surface wave filter for 
explaining the 2nd operation gestalt. 

[Drawing 3] It is the top view of the horizontal joint mold surface wave filter for 
explaining the 3rd operation gestalt. 

[Drawing 4] It is the top view of the ladder mold surface wave filter for explaining 
the 4th operation gestalt. 

[Drawing 5] They are a common machine for explaining the 5th and 6th operation 

gestalt, and the block diagram of transmitter equipment. 

[Drawing 6] It is the property Fig. showing the variation rate of the center 



frequency about electrode digit/(tooth space between electrode digit + electrode 

fingers). 

[Drawing 7] It is tine property Fig. showing the frequency deviation about 

electrode digit/(tooth space between electrode digit + electrode fingers). 

[Drawing 8] It is the property Fig. showing the insertion loss about electrode 

digit/(tooth space between electrode digit + electrode fingers). 

[Drawing 9] It is process drawing showing the manufacture approach of surface 

wave equipment. 

[Description of Notations] 

1 Surface Wave Resonator 

2 Piezo-electric Substrate 

3 IDT 

4 Reflector 
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DRAWINGS 




[Drawing 4] 



[Drawing 7] 
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AimmmmcoA^^^^^m^zitKx. 

77^-CC> . J^i^f {4 J; ^^'77=^ t =5:l.;^^Ji 

[0008] *^H^i?)g&^a. wxm^mmL. 

X ^ y ^'-coi^tci t S m»gti^lKiI^7)^^' 7 7=3f J; 
[0009] 

«X«^#t; J; 0^ifi£§^il> ztizx^s umMMt 

^IDTt^fi^l, ^ffii^ft®i^T-|> -5 T , frlB I D T 
X>^-X);?j^O. 55 — 0. 8 5ti^5E§ixTl/^l,, 
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[0010] 0 . s nmt<^mm^co^mti^ i 

[0011] IMII2 tf^i,iiffii^^^t«i^ii. rnmni 
mmcomm&iiim^i^zm^xsMmmi^^y-n (o 

° , 1 2 1° -1 3 6° , 8 7-9 3° ) T'fel.*^ 

[0012] y) , mwmm^im.i^±% < . 

[0013] msmmii^m^it. msmumco 
mmmimf-i,zi5 v ^xwe i d t ^mts mz.mBi 

X)^0. 55-0. 8 5fc L^tKltfff^ffMLTl^ 

[0014] .itazx D . s mm(^mmim^mfm 
[0015] it*ii4 ^zmi>mm-&mmii. imm i - 

[0016] i:i±a)X 6 ^mmzi^ 0 - mmm^zh\-^ 

[0 0 17] 

fflwrciiiifl^r -s. 1^ 1 m^wmm i comiimm^:^t 
mmm^mi'<^^mmTht. m i i^z^^tx a 

iS^^i^ 1 (±*a3&^ Jo S J±«S^ 2 1 ^<7) I D T 
3 f OMfit:<K*f§l4 . 4 &?^fi!c-r -g. ; ^: J; D 

[0018] I D T 3 ii , T a ^ ±|iSc > -M> W?'! 

mmpm^z1(imh x a iti^zxm 

[ 0 0 1 9 ] t^c. I DT3t?)Sl-gf5'5>^«)t-r-&€« 

f^a . Ill 1 J; 3 . i d t 3 o^Sf^rHlt^j:?^^- 
;^^-;^)Li = o. 55-0. 8 5commi/Z^^lXd 

X^-X) L3 = 0. 5 5 — 0. 8 5t?)iElllt;^|, j; 5 
[ 0 0 2 0 ] *^BJtom2tO||JWJ,t'5C^Tf^ 

1 2±tC2ot?)I DTI 3 a. 1 3 bS.W'^t?)Mlit:S: 
I^^14. 14^JBfiic^^;ttj:0SJt$tLTl.^l>, 



[002 1 ] IDTl 3(±. Ta^±)5g^h-f-S«ffiff 

1S*i5^^^^'Sv^t)^^t-|> j; 0 ^zmw^til Zki^zX^ 

^J^SilTl^'g.o ifc. I DTI 3a, IShimmm 

imifmz-^(7yrmmxx^mz3kKi:>tix\^^ . 
^mmm^ztiux i>.mi <^mmmm t mmiz i 

DT 1 3 a . 1 3 bCO€SfgrBltOX^-Xt>ft-ri>€S 

»^tg/ (mS*^1i+W^rBlOX^-X) =0. 5 5 
-0. 8 5(7)|iHt^SJ;atiSS§tLTV^I.« tfz. 
14a. 14b COflSIP^OX'^-X liZMtm 

€s^f§/ (mso§+msf^rHit^x^-x) =0.5 

5-0. 8 5ffMm^zti:lXd^zm&$tiXV^^^ 

[00 22 ] mz. ^mmmscrmmmmi^z-'juxm 
m-th . m 3 ii^^?%Bmm 3 ffmmmmi^^'ttm:^-irm 

22_ht2o<;0IDT23a, 23b Wf^ <mm.ZK 
Itll2 4a. 2 4b^ffMt-|.^i:t=J;D1iJjSc§ilTl^ 

[00 23] IDT2 3a. 2 3b{i:. Ta^±BSc^>t 
^i:tCj;OS)S$ilT(^^l>» IDT23a. 23 

h\mwmm:nnzmr£-H^\z^'<^t^fix\-^h. * 
mmmmi,zt5 1 i . ^ k n 2 <7^mmmm t mm 

t;lDT23a. 23b (7)mMi^fS<DX^~Xt,zm-l 
Vmmmt'±^<^j:l^oizm.^^iiX^^:^, t^j:h 

0. 55-0. 85cr,mmiZtclXd^Z^&lZ^tiXV^ 

ttz. WM^ 2 A Si. 2 Ah a:>nMW^(^x^~x 

■t^j:hh. mmm/ {wm^+mmm<nx-<,~ 

X)=0. 55-0. 85(7Mm{Z^j:hl^{zm.'^^fi 
XV^h. 

[0024] mz. ^m^mmA (^mmmm^z-jv^xm 
BH-rSo mAii^^mmAcrymmm^^-fyy-m. 
mmm ^ )V9(nwmmx'hh. H4ts^-rj;at. 9 

^ 71-^ 3 1 tt7j<||&«flfc^l>E«SS 
3 2 ±(CI D T 3 3 a . 3 3b RU^^MimzKWi^ 3 

4a. 3AhMm-fhz}i^zi:^m^^fix\^h. 

[00 2 5 ] IDT3 3a. 3 3b{i;. Ta^ifiSc^^i; 

■thmmmi^zi. ^m^^tixa o . -iit^iiffMS*^' 

'tix^-i\(Dmmm-'jtfm\-^{znm?^ J; a tSESiil. 
.It£cj;DSRSc§^lT^^I>„ tfz. IDT3 3ai±itM 

H(c@d§n. I DT 3 3h\immmi^tihz b J; 

h.mi. m2(7mmmm.bnm^zii)T33a. 3 
3 h<7)'mmm'^cr,x^~x\,znthnmmWit)^±^ < ^ 
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f^t§+€Sf^rHlt^-X^-X ) = 0. 55 — 0. 8 5^m 

3 4b cr)mminmcr)7.^-7.izn-fhmmi^mi^±^ < 

=0. 5 5 — 0. 8 5(7) 

tgHt^l. J; 5 tfgSSiiT t , 

[ 0 0 2 6 ] i^tc. ^^m<^m5. m6(nmmmm{z 

[0 0 27] 05 tS^-r J; 0 3Ifi«^M4 1 tt. S 

fifflt^HHiffe^ ^ 4 2 jlfiffli^Hffl}ife7 /^-^ 4 

3 &1r^l>^tffl^4 4 <nr> Ti-iml't^r> Ti-4 5 (Z 
mm^ti.. tii^4^i^;^«@g&4 6t®^§ix, Ail^^ 

m<^mM<7)mm)&y ^ /i^^- 1 1 - 2 1 <7)^^i'tLi}^tfzii 

[00 28] mz:^?i,m(^Mmmu/ (mmim+mm 

fgPalOX^-X) = 0. 5 5-0. 85COKHt^V->-C 

mmmm^-^xmm-ri, men. mmmm/ immm 
m+nmMS(7)^'^~^ ) ^ 0 . 50-0. 9 omr^ 

■{iffifMTO ( J¥§ d/jS;^A ) Offi;6>-2 . 0 0%. 
iilT, •:2. 04%, A:2. 0 8%.V:2. 12 
%. 0:2. 16%, + :2. 20%, *:2. 47% 

^jT14:t^ 7-:^ (0° , 127° , 90° ) Xmh^ 

ti67\iMimm±^zT a ^mswfit lt , 2mco i dt 

O^ii^-f (0° , 126° , 90° ) X-mh^ 

Kh7\^^umm}L^zT a ^nmumt lx , 2ffl<7) i dt 

[0029] 06 ts^f J; a t;, «ffi*^tl/ {Wmm 

(7)flj!)^0. 7 5t?)Ji^S:m'Si: 

mmm^mimz-ffitzWf^. h-^thmmmt 

s«t^^^ y~nti^mtLx hnm.m.mw^Lx\^h 

[ 0 0 3 0 ] 07 i±, mmm^/ {vmmWi+vmmm 
ox^-x) ^0. 0 5^Mzm^z^ ^'mmk<^)'& 
immi^i^fzmxhh. ^ts:hfy. mtwmwmm^ 
/ {VMmWi+VMmm^)7.^-7.) ^ d i , mum 



w^f, {d2) bm&Ltzmz^mm: (di + d 

2) /2. ffiW: [fo (d2) -fo (dl ) ] / 
[ (dl + d2)/2]/(d2-dl) ^rn.y hL 
!tii?)3&^'ia7T'$)|., ^fc, Il6i:|ilt^><7) 

^m^^x^^h. 

[003 1 ] mi \z7^s-fx 0 wmm^/ immm^ 

'mmL<7^miii. ±0.1 5%nm:hti\i. 

Wi^^z t ^tjET-^ hzht^^. mwm/ ( Miti+ 
ms^rait^^x^-x ) (nm^ 0.55 i.:Ji±f afeiiif J: v ^ 

zbfmit^hmht^xhh. 

[00 32 ] ms\±mMm^/ iwrnm^+wmw^co 

x^-x ) a)imz i o T 7 ^ t?)fitAtM**^' foSS 

m7tnti,(om^-^x\-^t. ttz. :$^m&miiAm:n 

[00 33 ] Hst^t-j; at, mmm^/ mmm 
+mmi^mi^)x^-x) ti^o . 7 5<Dm. B-o-mit 

mizmim<. wmmm/ («»iti+Mi^<^>!.^ 
~x) t/^o. 8 5t:mitzM^x^Mmxm^t/^±^ 

<t-->XV'Z>-. $^>t:, IIl8i;S^^j;T(::. I 11. im 

i\iWi ( '^WM + mmi^mcox^- x ) -h^ 0 . 1 0 -h^ 
m< t£->fz^b \.zx '^m-m-^^dfmihx\^h\,<nx 

S)i9, V-^-f^ltLTiO. 55-0. 8'o(rmXhtl 
{f, l^*<^0. 5 0bmm\li}^. ^m::XHzW\WK 

m>zi.->x\mm^m>i:>ts:^~^^bt^h. 
m^mMmz\mbLm^^^\^t£\^. ^<^^ 

tOSl'^ift^lS^AM, M^a\ W, Mo, Ni, Cu, 
Co, Cr, Zn, Fe, Mn, Au, Ag, Pt, O 
s, ir, Wfm.X\i^fiW^'m:\\i^im^ 
t, smM(ry^mm:Wm.fz^^X%,. IMttoMl^I 

-:ft^j(0° , 121°— 136° , 8 7 — 93° )0 

[ 0 0 3 4 ] ^fc, ilBUftOff^ETIi, 1 m.oM'^m 
m&y A A'^^z-'^v^xm'Ahfzii^^fii^zWh ho^X\it£ 

< , m§mmmtmLfz o , MmM^sM Lfc*)C?)T' 

[0035] 

[%0J5c^?M] Iil±t^J:at;, *^0l!tcJ:^m\ I DT 
X^-X) ^0. 55 — 0. SSb-f^^bl/ZX^^ W 
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[03 ] m3(7mimmMmthfz^<7^m^^mMm 
[05] ^5. mba)mmmwM-i>fz^(^^m^ 



[06] m«gt§/ 

[08] wmm/ («®*^ii+«®^^<7)x^-^) 

1 mmmf- 

2 jims^ 

3 I DT 
4 



31] 



[02] 
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